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Summary
AIMS OF THE STUDY: The purpose of this study was to
establish a new computed tomography (CT) sign for pul-
monary congestion (Kerley B lines in the lung apex in pa-
tients with cardiac or renal insufficiency) and to find the
best signs to differentiate between pulmonary congestion
and interstitial lung disease (ILD).
METHODS: 180 consecutive patients undergoing CT
were retrospectively included: 43 patients with cardiac, 17
with renal and 30 with mixed cardiac/renal insufficiency. In
addition, we selected 90 patients with known ILD (usual
interstitial pneumonia and nonspecific interstitial pneumo-
nia). The cases were retrieved by means of a full text
search of radiological reports and electronic patient files.
The cardiothoracic ratio and diameters of the superior
and inferior vena cava were measured. Pleural effusion,
peribronchial cuffing, Kerley B lines (interlobular septa),
ground glass opacity (GGO) and consolidation were
analysed for prevalence, distribution and quantity (1 to 3).
Fisher’s exact and Mann-Whitney-test were applied using
Bonferroni correction.
RESULTS: Kerley B lines in the lung apex were present
in 81% and 76% of the cardiac and renal groups, respec-
tively, which was significantly more than in the ILD group
(26%, p <0.0001). In the insufficiency group, Kerley B lines
were distributed more homogenously throughout the lungs
compared with the ILD group in which they increased in
amount from 32% in the upper lobe to 90% in the lower
lobe. The septal lines were thinner in the ILD than in
the insufficiency group (p <0.0001). Peribronchial cuffing
was significantly more frequent in the cardiac group (67%)
compared with the renal group (29%, p = 0.040) and the
ILD group (0%, p <0.0001). Other pulmonary congestion
signs such as cardiothoracic ratio, enlargement of the su-
perior and inferior vena cava and pleural effusion did not
vary between the cardiac and the renal groups but were
significantly lower in the ILD group. However, ILD patients
showed more GGO in the lower lobes (87%) then patients
with insufficiency (42%, p <0.0001).
CONCLUSION: Interlobular septal thickening (Kerley B
lines) in the lung apex is a specific sign for pulmonary con-
gestion, although not exclusive (since in ILD there may be
apical reticulation). In combination with peribronchial cuff-
ing and increased cardiothoracic ratio, it allows differen-
tiation between cardiac/renal insufficiency and pulmonary
ILD.
Keywords: apical Kerley B Lines, pulmonary oedema,
computed tomography (CT)
Introduction
Pulmonary oedema is defined as the abnormal accumula-
tion of extravascular fluid in the lung. The most common
reasons for pulmonary oedema or pulmonary congestion
are cardiac or renal insufficiency (see table 1). Pulmonary
congestion is characterised by increased interstitial and/
or alveolar fluid caused by an increased capillary pressure
(cardiac) or an increased permeability of the pulmonary
vessels [1]. The relation between those factors is depicted
in the Starling equation:
Jv = Kf [(Pc−Pi)−(Πc−Πi)]
Where Jv = net fluid movement (ml/min) – positive value
indicates movement out of the circulation; Kf = vascular
permeability coefficient; Pc = capillary hydrostatic pres-
sure; Pi = interstitial hydrostatic pressure; Πc = capillary
oncotic pressure; and Πi = interstitial oncotic pressure [2].
One of the most common reasons for requesting chest ra-
diographs is presumed to be a clinical suspicion of pul-
monary oedema. The typical signs of pulmonary conges-
tion such as increased heart size and shape, vascular
pedicle width, peribronchial cuffing and septal lines have
been described by Milne et al. [3]; however, the assessment
of pulmonary congestion remains one of the more difficult
routine tasks in chest radiology. There are few publications
concerning signs of pulmonary oedema on computed to-
mography (CT) that describe the dilemma of vascular cra-
nialisation of the supine patient and patterns of pulmonary
oedema. Publications about lung oedema on CT used to fo-
cus on lung density; for example, Vergani et al. focused on
the difference between acute respiratory distress syndrome
(ARDS) and cardiogenic pulmonary oedema by analysing
the distribution of ground-glass and airspace consolidation
[4]. Currently, there are few publications addressing the
CT appearance of signs known from chest x-ray: almost all
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focus on ground-glass attenuation and airspace consolida-
tion [4–6].
Radiographic findings in pulmonary oedema
Increased cardiothoracic ratio [3–5]: the classic cardio-
thoracic ratio is measured on a PA chest x-ray but can also
be measured on CT images. It is the ratio of the maxi-
mum horizontal cardiac diameter to the maximum horizon-
tal thoracic diameter (inner edge of ribs / edge of pleura).
A normal measurement should be ≤0.5.
Elevated diameter of the superior and inferior vena cava
[3]: marker of increased central venous pressure and in-
creased circulating blood volume.
Peribronchial cuffing: haziness or increased density
around the walls of a bronchus or large bronchiole seen
end-on, both on plain radiographs and on CT. It may repre-
sent bronchial wall thickening or fluid around bronchi due
to congestion.
Interlobular septal thickening (Kerley B lines) [3–6]:
thickening of the peripheral interlobular septa recognised
as pulmonary lobules in the pulmonary interstitium be-
cause of their typical size and polygonal shape [6–8].
Ground glass opacity: increased attenuation of the lung in
CT. Bronchial walls, vessels and septal lines can still be
seen through the GGO [8, 9].
Consolidation: increased attenuation of the lung in the
high-resolution CT scan. Bronchial walls, vessels and sep-
tal lines cannot be seen due to adjacent dense consolidation
[8, 9].
Pleural effusion: collection of fluid within the pleural
space.
In patients with pulmonary congestion, Kerley B lines on
conventional imaging usually follow gravity with a basilar
predominance [4]. Also on CT, they can be found in the
lower and dorsal areas. It is our experience that septal
thickening in these patients can also be seen in the lung
apex. Therefore, we hypothesised that patients with pul-
monary congestion demonstrate Kerley B lines in the apex
of the lung and that this could be a new sign for pulmonary
congestion on CT scans.
The aim of the study was to test the prevalence of apical
Kerley B lines in patients with pulmonary congestion and
examine established radiographic signs in CT in compari-
son to patients with interstitial lung disease (ILD).
Material and methods
Data acquisition
Institutional review board approval could be waived owing
the retrospective nature of the study with irreversible
anonymisation of patients’ identifiers. We included pa-
tients with reported pulmonary congestion or ILD on CT
from January 2014 to January 2017.
We included 180 patients: 90 patients with pulmonary con-
gestion and 90 patients with ILD. All cases were retro-
spectively and consecutively included, starting in January
2014, until there were 90 cases. To find the patient popu-
lation we used a full text search of the radiological reports
in RIS (Radiological Information System, General Elec-
tric, Milwaukee, Wisconsin, USA) and matched/combined
the results with the electronic patients medical files found
(electronic patient documentation, CGM PHOENIX clin-
ical information system, Switzerland). The diagnosis of
pulmonary congestion was made semi-quantitatively from
radiological proof of water retention and a clinical diagno-
sis of heart and/or kidney failure. All cases of pulmonary
congestion that we found with the full text search were ver-
ified by two chest radiology experts with 19 and 11 years
of experience.
Patients with an unknown origin of congestion or a cause
other than cardiac or renal insufficiency (such as toxic
Table 1: Aetiology of lung oedema [3].
Increased capillary hydrostatic pressure Cardiac (left ventricular insufficiency)
Hyperperfusion Renal insufficiency
Overhydration
High altitude pulmonary oedema
Postembolic
Postpneumonectomy
Neurogenic
Pulmonary vein occlusion
Decreased extracapillary pressure Re-expansion pulmonary oedema
Negative pressure pulmonary oedema
Decreased oncotic pressure Renal insufficiency
Overhydration
Hepatic insufficiency
Malnutrition
Increased capillary permeability Extracapillary Toxin inhalation
Aspiration
Pulmonary infection
Intracapillary Sepsis
Hypotension
Pancreatitis
Disseminated intravascular coagulation
Trauma
Reduced lymphatic resorption Lymphangiosis carcinomatosa
Pneumoconiosis
Lymphangiectasia
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oedema) were excluded from the study population. Finally,
43 patients with cardiac insufficiency, 17 patients with re-
nal insufficiency and 30 patients with combined cardiac/
renal insufficiency were included.
The diagnoses were made by board-approved specialists in
cardiology and nephrology according to the international
guidelines [10–12].
The group with pure cardiac insufficiency consisted of 43
patients: 23% with valvular heart disease (n = 10), 16%
arrhythmogenic heart disease (7), 14% coronary heart dis-
ease (6), 12% unknown or dilated cardiomyopathy (5), 9%
hypertensive heart disease (4), 2% amyloidosis (1) and
23% mixed, mostly hypertensive and valvular heart dis-
ease (10). The New York heart association (NYHA) class
was rarely found in the electronic patient history; therefore
we relied on the left ventricular ejection fraction (LVEF).
LVEF was classified as normal (≥55%), mild reduction (
45–54%), moderate reduction (30–44%) or severe reduc-
tion (<30%) according to the American Heart Association
[10]. Our heart failure group included 23 patients with nor-
mal, 8 with mild, 9 with moderate and 3 with severe re-
duced LVEF. Mean LVEF ± SD (standard deviation) was
53 ± 16%.
The 17 patients with pure renal insufficiency suffered from
the following diseases: 12% glomerulonephritis/interstitial
nephritis (n = 2), 12% renal transplant (n = 2), 6% diabetes
(n = 1), 6% hypertension (n = 1), 6% medication induced
nephropathy (n = 1), 6% tumour disease (n = 2), 18%
mixed nephropathies (n = 3) and 29% unknown (n = 5).
Only a few patients with renal failure were rated according
to the albumin:creatinine ratio; therefore we classified the
renal insufficiency on the basis of the glomerular filtration
rate (eGFR) according to the guidelines of the Kidney
Disease Improving Global Outcomes (KDIGO) [11, 12]:
G1, G2, G3, G4 and G5 stand for normal eGFR (≥90 ml/
min), mild reduction (60–89 ml/min), moderate reduction
(30–59 ml/min), severe reduction (15–29 ml/min) and kid-
ney failure (eGFR <15 ml/min), respectively. At the time
of the chest CT examination, 3, 6, 1 and 6 patients were
classified into eGFR groups G2, G3, G4, G5, respectively,
and one patient had a normal filtration rate (G1). On aver-
age the eGFR was 41 ± 28 ml/min in the group with pure
renal failure.
In the mixed group of 30 patients suffering from cardiac
and renal failure the disease prevalences were comparable
to those in the groups with pure cardiac or kidney disease.
The average LVEF was 45 ± 16% and the average eGFR
was 46 ± 23 ml/min.
Additional, 90 patients with ILD were retrospectively se-
lected from the interstitial lung disease board at our hospi-
tal. All patients with suspicion of pulmonary fibrosis at our
hospital undergo the ILD-board procedure. The diagnosis
was made by a pneumologist, a radiologist and a pathol-
ogist in consensus, according to international guidelines
[13–15].
CT examination
CT scans were performed using a 128-detector row CT
scanner (Siemens Somatom Definition FLASH, Siemens
Healthineers, Erlangen, Germany) or a 64-detector row CT
scanner (Philips Brilliance 64, Philips Medical Systems,
Best, Netherlands) as part of the routine clinical workup.
CT scans were performed during the end-inspiratory phase
with the breath-hold technique. Images were acquired in
the supine position from apex of the lung to the costodi-
aphragmatic angles. A tube voltage from 100 to 120 kVp
and a reference mAs from 100 to 120 were applied. On the
128-detector scanner a collimation of 128 × 0.6 mm was
used with a pitch of 0.6. A slice thickness of 1 mm was
reconstructed, and iterative reconstruction level 3 and hard
lung kernel of I70f were applied. On the 64-detector scan-
ner a collimation of 64 × 0.625 mm was used with a pitch
of 1.42. A slice thickness 1 mm was reconstructed, and it-
erative reconstruction level 4 and hard lung kernel of I70f
were applied.
Read-out
The read-out was performed on a Picture Archiving and
Communication System (PACS, Sectra, Linköping, Swe-
den). Two radiologists with 2 and 8 years of experience in
chest radiology reviewed the CT images in consensus.
The cardiothoracic ratio and the diameters of the superior
and inferior vena cava were measured. Pleural effusion,
peribronchial cuffing, interlobular septal thickening (Ker-
ley B lines, see figs 1 and 2), ground glass opacity and con-
solidation were analysed for prevalence, distribution and
quantity. To determine the cardiothoracic ratio, the max-
imum horizontal diameter of the heart in the axial plane
and the maximum inner thoracic diameter (inner edge of
ribs / edge of pleura) were captured and divided. The di-
ameters of the superior and inferior vena cava (short axis)
were measured on an axial plane just before their entrance
into the right atrium of the heart. Thickening of the inter-
lobular septa and the bronchial walls (peribronchial cuff-
ing) was graded as 1 if <1 mm, 2 if 1–3 mm or 3 if >3
mm. The amount of pleural effusion was visually estimated
as low grade (trace of effusion), moderate (<500 ml) and
high-grade (>500 ml). The amounts of ground glass opaci-
ty and consolidation were graded from 1 to 3 (+, ++, +++)
in each region. The distributions of these latter patterns
were analysed in four anatomical regions separately (z-ax-
is): apex (uppermost 2 cm of the lungs), upper lungs (cra-
nial of the aortic arch), middle lungs (cranial of the low-
er lung veins) and lower lungs (heart level and lower). In
addition, the oedema patterns were classified into predom-
inantly central with subpleural spearing (butterfly oedema)
and gravity oedema (lower dorsal parts of the lungs most
affected).
Statistical analysis
Mann-Whitney-test was applied for numerical variables.
Categorical data were analysed with the chi-square test. If
any of the cells of a contingency table were below 10, then
Fisher’s exact test was used. Bonferroni correction was ap-
plied according to the number of variables (three numer-
ical and five categorical). MedCalc® version 15.0 (Med-
Calc Software, Ostend, Belgium) and a significance level
of p <0.05 was utilised. Groups 1, 2, 3 and 4 were the
cardiac, renal, mixed insufficiency and ILD, respectively.
Group 1 was tested against group 2. In addition, the com-
bined group 1, 2 and 3 was compared with group 4.
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Figure 1: Thickened apical interlobular septa (Kerley B, red arrows) with transudation (asterisk) due to cardiac insufficiency in a 74-year-old
female patient.
Results
Interlobular septal thickening
Interlobular septal thickening (IST) in the lung apex was
present in of 81% and 76% of the cardiac and renal groups,
respectively, which was significantly more than in the ILD
group (26%, p <0.0001, figs 1–4). The distribution in the
insufficiency group was more homogenous throughout the
lungs than in the ILD group, in which the amount of septal
thickening increased to 90% towards the lower lobes (table
2). The average thickness of the interlobular septa was rat-
ed between 1 and 2 with significantly thicker septal lines
in the insufficiency group (1.45 ± 0.6) compared with the
ILD group (1.28 ± 0.5; p <0.0001, fig. 3).
Peribronchial cuffing
Peribronchial cuffing was significantly more often present
in the cardiac than in the renal and ILD groups, in 67%,
29% and 12% of patients, respectively (p = 0.04 and p
<0.0001). The average thickness of the bronchi did not dif-
fer significantly between the various groups, ranging from
1.27 to 1.4 (SD 0.5–0.8) with p-values >0.9 (fig. 4).
Other radiographic congestion signs
The other cardio-pulmonary congestion signs did not differ
between the cardiac and the renal groups but were signifi-
cantly less in the ILD group (table 2): cardiothoracic ratio,
enlargement of inferior and superior vena cava and pres-
ence of pleural effusion decreased from 0.56 to 0.50 (p
<0.0001) from 25.1 to 21.3cm (p <0.0001), from 19.4 to
16.2 cm (p <0.0001) and from 76 to 6% (p <0.0001), re-
spectively. ILD patients suffered more from ground glass
Figure 2: Predominantly apical Kerley B lines (red arrow) due to
early pulmonary congestion in a 74-year-old male patient with car-
diac insufficiency.
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opacity in the lower lobes – 87% versus 42% in the in-
sufficiency group (p <0.0001) – although the insufficiency
group presented more with gravitational ground glass
opacity (14 vs 0%, p <0.0001)
Discussion
Typical clinical symptoms of a pulmonary congestion are
dyspnoea, tachypnoea, pleural effusion, oedema of the legs
and a feeling of faintness [16]. In this situation many clin-
icians order a chest x-ray to check for signs of decompen-
sation [17]. It is readily available, practical, noninvasive,
low cost and provides good information about lung oede-
ma [18]. Although CT is not routinely used in the evalu-
ation of pulmonary congestion, the findings from conven-
tional chest radiographs translate well to CT images. One
can see the enlarged heart, the dilated superior and inferior
vena cava, pleural effusion, peribronchial cuffing, ground
glass opacities, consolidations and IST, which correspond
to the Kerley B lines [6–9]. Additionally, other conditions
Figure 3: Interlobular septal thickening (orange arrows), slight architectural distortion (asterisks) and a faint honeycombing (red arrows) in a
70-year-old male patient with idiopathic pulmonary fibrosis (IPF).
Figure 4: Apical Kerley B lines (red arrows) in (A) axial and (B) coronal planes with peribronchial cuffing (orange arrows) and ground glass
opacities (asterisk) from transudation in a 63-year-old male patient with renal insufficiency.
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Table 2: Prevalence of cardio-pulmonary congestion signs.
Cardiac vs renal insufficiency Cardiac and/or renal insufficiency vs interstitial lung dis-
ease
Cardiac
(n = 43)
Renal
(n = 17)
p-value Insufficiency
(n = 90)
Interstitial lung disease
(n = 90)
p-value
Cardiopulmonary con-
gestion signs
Cardiothoracic ratio, mean ± SD 0.58 ± 0.08 0.53 ± 0.06 0.06 0.56 ± 0.07 0.50 ± 0.05 <0.0001
Diameter inferior vena cava (mm),
mean ± SD
25 ± 4 23 ± 4 0.08 25 ± 4 21 ± 4 <0.0001
Diameter superior vena cava (mm),
mean ± SD
19 ± 3 20 ± 3 1 19 ± 3 16 ± 4 <0.0001
Pleural effusion 74% 65% 1 76% 6% <0.0001
Peribronchial cuffing 67% 29% 0.04 59% 12% <0.0001
Interlobular septal
thickening
Apex 81% 76% 1 73% 26% <0.0001
Upper lung 79% 76% 1 71% 32% <0.0001
Middle lung 40% 53% 1 42% 33% 1
Lower lung 77% 88% 1 83% 90% 1
Ground glass opacity Predominantly central with subpleural
sparing
0% 0% 1 0% 0% 1
Gravitational oedema 14% 6% 1 14% 0% <0.0001
Upper lung 35% 59% 0.58 38% 31% 1
Middle lung 21% 47% 0.24 29% 40% 0.79
Lower lung 30% 59% 0.3 42% 87% <0.0001
Consolidation Butterfly oedema 0% 0% 1 0% 0% 1
Gravitational oedema 2% 6% 1 4% 0% 0.6
Upper lung 7% 12% 1 8% 9% 1
Middle lung 7% 18% 1 10% 10% 1
Lower lung 16% 12% 1 16% 12% 1
causing symptoms such as dyspnoea, for example pneumo-
nia, pulmonary embolism and tumour, can be excluded and
other primary lung diseases can be detected.
In this study, more than 80% of the patients with cardiac
insufficiency and more than 70% of the patients with renal
insufficiency presented with IST (Kerley B lines) in the
lung apex. Miniati et al. described an identical distribution
of the septal lines on conventional chest x-ray in the lower
lungs among patients with heart or renal insufficiency [19].
While their distribution in the insufficiency group was ho-
mogenously throughout the lungs, the amount of Kerley B
lines in our study increased to 90% towards the lower lobes
in the ILD group. Findings of ILD predominate in the lung
bases [8]. Patients with heart or renal insufficiency showed
peribronchial cuffing due to increased capillary hydrostatic
pressure or decreased oncotic pressure [1, 20]. One reason
for the apical prevalence of the Kerley B lines in congested
patients could be the redistribution of the pulmonary blood
flow into the cranial parts of the lung, probably increasing
the capillary pressure with resultant transudation. Kerley B
lines are not a new sign in chest radiology, but their loca-
tion in the lung apex is here described for the first time.
In our cohort the cardiothoracic ratio and the diameter of
the inferior vena cava were nonsignificantly larger in the
cardiac group than the renal group. Several authors showed
that the correlation between the cardiothoracic ratio mea-
sured on chest X-ray and CT in insufficiency were sig-
nificant [21–23]. Milne et al. described an enlarged heart
in patients with renal and cardiac failure (85 vs 73%)
[3]. Milne mentioned a prevalence of pleural effusion of
25–50% on conventional chest X rays, whereas in our CT
study three out of four insufficiency patients were shown
to have a pleural effusion, probably due to better detec-
tion of smaller effusions. Milne described the gravitation-
al oedema for cardiac insufficiency and central oedema for
renal insufficiency. On CT, gravitational oedema could be
demonstrated in only between 2% and 14% of the insuf-
ficiency group. Probably the result of the supine position
during CT acquisition, direction of gravity and latency of
cranialisation may interfere with the classification of grav-
ity oedema.
In our cohort the best sign for differentiating pulmonary
congestion seemed to be peribronchial cuffing, which was
twice as prevalent with cardiac insufficiency as with renal
insufficiency (p = 0.04). In CT imaging, pulmonary con-
gestion can best be differentiated from ILD using the di-
ameter of the vena cava, the presence of pleural effusion,
peribronchial cuffing and apical Kerley B lines (each p
<0.0001).
Conclusion
Interlobular septal thickening (Kerley B lines) in the lung
apex is a pathognomonic sign for pulmonary congestion,
although not exclusive for congestion since ILD may also
produce apical septal thickening. In combination with peri-
bronchial cuffing and increased cardiothoracic ratio it al-
lows for differentiation between cardiac/renal insufficien-
cy and ILD.
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